Key indicators: single-crystal X-ray study; T = 298 K; mean (C-C) = 0.005 Å; R factor = 0.043; wR factor = 0.112; data-to-parameter ratio = 19.5.
Related literature
The title compound is a derivative of 4-amino-2(5H)-furanone. For the biological activity of 4-amino-2(5H)-furanones, see: Lattmann et al. (2005) ; Prasad & Gandi (2010); Steenackers et al. (2010) . For asymmetric Michael addition reactions of 2(5H)-furanone and for the synthesis of the title compound, see: Song et al. (2009) .
Experimental
Crystal data C 20 H 32 ClNO 3 M r = 369.92 Orthorhombic, P2 1 2 1 2 1 a = 9.187 (5) Å b = 9.248 (5) Å c = 24.987 (12) Å V = 2122.9 (19) Å 3 Z = 4
Mo K radiation = 0.20 mm À1 T = 298 K 0.32 Â 0.30 Â 0.28 mm
Data collection
Bruker APEXII area-detector diffractometer Absorption correction: multi-scan (SADABS; Sheldrick, 1996) T min = 0.940, T max = 0.947 12264 measured reflections 4505 independent reflections 2620 reflections with I > 2(I) R int = 0.038 Refinement R[F 2 > 2(F 2 )] = 0.043 wR(F 2 ) = 0.112 S = 1.01 4505 reflections 231 parameters 24 restraints H-atom parameters constrained Á max = 0.13 e Å À3 Á min = À0.16 e Å À3 Absolute structure: Flack (1983 Flack ( ), 1921 Friedel pairs Flack parameter: 0.10 (8) Table 1 Hydrogen-bond geometry (Å , ). Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT (Bruker, 2008); data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 1997); software used to prepare material for publication: SHELXL97.
Comment 2(5H)-furanones are heterocyclic carbonyl compounds, which are widespread in natural and in synthetic products (Prasad & Gandi, 2010; Steenackers et al., 2010) . 5-menthyloxy-3,4-dihalo-2(5H)-furanones, being a kind of chiral synthons, are widely used in asymmetric Michael addition-elimination tandem reactions (Song et al., 2009) . 4-amino-2(5H)-furanones show an antibiotic activity against Staphylococcus aureus (Lattmann et al., 2005) .
We are interested in the tandem Michael addition-elimination reaction of the chiral synthon 3,4-dichloro-5-(S)-(lmenthyloxy)-2(5H)-furanone and 4-methylpiperidine in the presence of potassium fluoride. The structure of the title compound (I) is illustrated in Fig. 1 . The crystal structure of the title compound, which has four chiral centers (C4(S), C5(R), C6(S), C9(R)) contains a five-membered furanone ring and a six-membered cyclohexane ring connected each other via C4-O3-C5 ether bond. The furanone ring of C4-O1-C1-C2-C3 is approximately planar, whereas a six-membered cyclohexane ring displays a chair conformation. At the same time, the furanone ring is connected to piperidine heterocycle via C3-N1 bond.
Experimental
The precursor 3,4-dichloro-5-(S)-(l-menthyloxy)-2(5H)-furanone was prepared according to the literature procedure (Song et al., 2009) . After the mixture of 3,4-dichloro-5-(S)-(l-menthyloxy)-2(5H)-furanone (2.0 mmol) and potassium fluoride (6.0 mmol) was dissolved in absolute tetrahydrofuran (2.0 mL) under nitrogen atmosphere, tetrahydrofuran solution of 4methylpiperidine (2.0 mmol) was added. The reaction was carried out by stirring at room temperature for 24 h. Once the reaction was complete, the solvents were removed under reduced pressure. The residual solid was dissolved in dichloromethane. Then the combined organic layers from extraction were concentrated under reduced pressure, and the crude product was purified by silica gel column chromatography with the gradient mixture of petroleum ether and ethyl acetate to give the product yielding (I) 0.5685 g (76.8%).
Refinement
H atoms were positioned in calculated positions with C-H = 0.93-0.98 Å and were refined using a riding model, with U iso (H) = 1.5U eq (C) for methyl and 1.2U eq (C) for the others. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Cl1 0.60861 (9) −0.13528 (9) 0.17373 ( 
